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Abstract 
Decision making in engineering represents a highly complex and therefore challenging process for the involved stakeholders. The 
high complexity emerges from the combination of a multitude of factors that have to be considered simultaneously within a 
decision situation. Hereby the factors examined represent decision situation and human (decision-maker) attributes. To help 
decision-makers in dealing with highly complex decisions several decision support tools, methods and systems (DSS) have been 
developed. One main disadvantage of DSS is the little adaptation to and integration of user needs and attributes. This paper aims 
in providing a multilevel stepwise approach for the management of human and decision situation attribute complexity in order to 
enable a more effective decision support. The decision support is tailored to adapt to decision makers individually and therefore a 
higher acceptance and use-rate of DSS can be achieved. The approach was developed using findings from literature research and 
results from several research projects performed in cooperation with industry partners. The presented procedure represents a main 
design element of the user-centered DSS currently being developed at the Institute of Product Development. 
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1. Introduction 
Decision-making within product development represents a complex process which can involve many different 
stakeholders. These stakeholders bring in their different perspectives (technic, strategic, organization perspective), 
decision-making styles, educational background (mechanical engineer, software engineer and business economist), 
level of knowledge and experience (novice or expert) and mind sets within the process.1 These characteristics 
represent examples for “human attributes”. Decision-making is also highly influenced by the considered decision 
situation and its characteristics. Typical “decision attributes” are: the decision duration (short-, middle- or long term 
decision), the predetermined amount of resources (budget, human resources, tools, materials) and the degree of 
decision criticality (critical or non-critical decisions).2 The correlation of human attributes with decision attributes 
leads to a complex and difficult to manage decision-making process. 
To deal with the emerging complexity within decision-making processes powerful decision support tools, 
methods and systems (DSS) were developed. Most DSS focus on the analysis and evaluation of alternatives within 
decision situations. The integration of human needs and preferences is not directly addressed.3 General beliefs 
regarding usability, functionality and effectiveness of DSS are divided among DSS users and range from acceptance 
to completely unacceptance of the support provided. The unacceptance emerges from the lack of usability perceived 
by users regarding the integration of user preferences and skills, the high training required and the difficult 
interpretation of generated results. Nowadays users of DSS demand more specific and individually designed systems 
which address their actual needs and adapt to their specific mind-sets and decision-making styles.4 
Human-centered design (HCD), user-centered design (UCD), cognitive engineering (CE), human-computer 
interaction (HCI) and human-systems integration (HSI) are only a few examples from the variety of human-centered 
approaches which have been developed to put human needs and characteristics into the center of system design 
considerations.5 Human-centered approaches are used in domains where a product or service is designed to be used 
by people. The application field expands from software and product development to financial services, healthcare, 
libraries and museums. Compared to these domains the application within decision-making and DSS is still very 
scarce.4 Kulyk et al.5 describes a human-centered system as one that has to: “adapt to the user’s needs, skills and 
limitations; engage users; adapt to the context; and work in real life”. These aspects have to be considered also for 
the development of a DSS. 
To address the stated challenges, a user-centered DSS is currently being developed at the Institute of Product 
Development of the TU München (Germany). The DSS serves as a demonstrator for the application and testing of 
attribute-based description, structuring and analysis approaches for integrating human characteristics within 
decision-making processes.  
For this purpose a procedure was developed which uses a combination of user and decision attributes. 
Classification and structuring, problem description and solving and structural complexity management methods are 
combined in order to enable the individual assessment of decision support. Human attribute complexity is being 
reduced due to attribute filtering, selection and structuring techniques and relevant decision attributes are identified 
by applying a specific designed decision description template.  
The attribute complexity management procedure will be presented in detail in the following chapters of this 
paper. Following objectives have to be fulfilled by the developed procedure: 
x User and decision situation attribute complexity reduction 
x Efficient attribute correlation and allocation of decision support  
x Improved assessment of user attributes in DSS 
x Increase of DSS acceptance among users 
2. Related work 
The attribute complexity management procedure presented in this paper represents the logical backbone of the 
user-centered DSS developed. To understand the specific characteristics of the procedure an overview over the 
topics: decision support systems, human-centered design and attribute-based structuring is given in the following. 
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Product development decisions can be very complex and therefore they often cannot be managed effectively by 
the involved decision-makers without adequate support. For this purpose many different decision support methods 
and systems were developed. 
Decision Support Systems (DSS) represent computer technology solutions that can be used to support complex 
decision making and problem solving.3 Gorry and Scott Morton7 designed in 1971 one of the first support systems. 
They provided a framework for information systems with a distinction made between unstructured, semi-structured 
and structured problems. They declared that semi-structured or unstructured decisions would be supported by 
information processing systems called Decision Support Systems (DSS). 
Classic DSS comprise database management capabilities, modeling functions accessed by a model management 
system and user interface designs that enable interactive queries, reporting, and graphing functions.3 Newer DSS 
concepts focus on integrating artificial intelligence (AI) tools as fuzzy logic, genetic algorithms, case-based 
reasoning and neural networks. AI systems have the potential to align more closely with the decision styles of users 
and the decision problem itself and therefore offer a more user-centered environment.8 
From the multitude of human-centered approaches exiting in the field of product and system development we 
focus in our research mainly on the domains: human-centered design, user-centered design, cognitive engineering 
and more specific cognitive engineering and decision making.  
According to Giacomin9 Human-Centered Design (HCD) represents an approach which is used to design 
products, systems and services which are intuitive. HCD is based on the use of methods and techniques which can 
communicate and interact with the people involved, obtaining an understanding of their needs, desires and 
experiences.9  
On the other hand User-Centered Design (UCD) comprises a set of steps, methods and tools designed to assist 
engineers and developers in addressing the issue of usability in design of interactive systems. The UCD applies user 
oriented data gathering techniques to integrate the needs, wants, and limitations of end users of a product at each 
stage of the design process.10  
According to Roth 11 Cognitive Engineering (CE) represents “an interdisciplinary approach to the development of 
principles, methods, tools, and techniques to guide the design of computerized systems intended to support human 
performance”. Cognitive functions considered are: problem solving, judgment, decision making, attention, 
perception and memory. The main goal of CE is the development of systems that are easy to handle by the user and 
therefore are easy to learn and to use.11  
Cognitive Engineering and Decision Making (CEDM) involves the study of cognitive work and the application of 
this knowledge to the design and development of technology. Much research in CEDM has traditionally addressed 
the analysis of cognitive systems in context. CEDM relies on a large set of analysis tools that give insights about 
how individuals and teams make decisions and the contextual factors and constraints involved.12 CEDM includes 
research on automated systems and DSS and represents the field of study where our procedure is embedded in. 
Attribute-based procedures represent promising approaches regarding the integration of a large variety of human 
characteristics within decision-making processes. They have the advantage of allowing a precise assessment of 
decision support. Attribute based approaches are used in systems engineering for assessing attributes to elements or 
relations and observing their structural influence in system analysis14, within software development for attribute-
based data encryption15 and within DSS for concept evaluation16, to name some examples. 
The developed attribute complexity management procedure is built on the knowledge and insights gathered from 
the presented approaches. The methodology used within the procedure is presented in the following. 
3. Methodology 
The attribute complexity management procedure provides the structure for the logical assessment of decision 
support to users within the user-centered DSS. The procedure integrates two distinctive attribute-based approaches 
for decision and user description and uses structural complexity management methods for attribute-complexity 
reduction and decision support allocation. 
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3.1. Attribute-based decision and user description 
The attribute-based description of decisions and users was realized by using specifically design taxonomies. 
Taxonomies relate to a process that includes a specific type of classification as a key-defining characteristic. A 
taxonomic classification focuses on the general laws or principles that describe or characterize the phenomena or 
system of interest. Decision situations and decision makers (DSS-users) are describable phenomena, and therefore 
decision and decision-maker (user) taxonomies are justified.17 
For the development of the attribute-based decision description approach decision attributes were collected, 
grouped within classes and allocated to the main process steps of the theoretical decision process. In a next step the 
attributes were structured in form of a template which enables a multi-perspective decision description. Information 
and knowledge from different decision-makers involved in the same decision situation can be collected. The 
interdependencies between decision attributes were captured by using an influence matrix.2 The template was 
evaluated within 4 decision situations from the field of vehicle wiring harness development at BMW. The attributes 
collected are used for decision situation description but also for decision support (DS) allocation. To most of the 
attributes collected a corresponding decision support tool, method or system can be linked. To reduce the decision 
attribute complexity we focused on product development decisions. 
For the development of the attribute-based user description approach, attribute classes were collected first and 
then relevant attributes allocated to each class. The reason for this approach lies in the tremendous user attribute 
complexity. Trying to reduce user attribute complexity by focusing on product development does not lead to a 
satisfactory result. The approach followed was to extract only the user attributes which allow the allocation of DS. 
The DS correspondence of decision and user attributes was extracted from literature research and from over 30 
interviews realized with several product developing companies. Details and examples regarding the correlation of 
user and decision attributes to DS are described in chapter 4. Representative examples from the collected decision 
and user attributes are displayed in Table 1. 
Table 1. (a) Decision attribute classes2, (b) User attribute classes18 
 
3.2. Structural complexity management 
Structural Complexity Management (SCM)19 represents a systems engineering procedure which allows the 
systematic processing of problems of highly interconnected systems. The procedure comprises several known 
methods and implements them in a new comprehensive way. The SCM procedure allows the acquisition and 
transparent representation and analysis of systems interdependencies. For this purpose SCM uses matrix and graph 
theory approaches. Design Structure Matrices (DSM), Domain Mapping Matrices (DMM) and Multiple Domain 
Matrices (MDM) are used as tools depending on the problem stated.  In SCM a system is perceived as a network 
comprised by nodes and edges which forms specific structures. These structures can be analyzed by using following 
SCM procedure: 
1. System definition 
2. Information acquisition 
3. Deduction of indirect dependencies 
4. Structure analysis 
5. Product design application 
Decision attribute classes Decision attribute examples
Initial situation / Input Resources: available, sufficient, insufficient
Decision-makers / Roles Department: system design, management
Decision object / Alternatives Number of alternatives
Results / Objectives / Output Time range: short-, middle-, long-ter
Decision procedures Support: applicable, non applicable
User attribute classes User attribute examples
Skills Experience: expert, novice
Strategy Development of tailored products: yes / no
Personality Risk assumption: low / high
Socio-demographic 
characteristika Age, gender, culture, environment
Use behavior Frequency of use, complaining behavior
a b
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Once the problem to be solved and the solution required are determined the system to be analyzed can be defined.  
For this purpose a MDM is used for designing the “meta-model” of the system. A meta-model represents a 
structuring framework and includes the identification of required domains and the linking of possible interrelations 
(mapping logics) between specific domains. The meta-model serves as a tool for the identification of required 
information sources. It also sets up the basis for the systematic extraction of knowledge. 
Figure 1 represents the meta-model of the user-centered DSS. Hereby the three main domains: “user”, “decision” 
and “decision support” and their interrelations are displayed and the system to be analyzed defined (step 1). In step 2 
all required information about the analyzed system are collected and integrated within the MDM. System elements 
and their direct interdependencies are now part of the MDM. Examples for elements for the domain “user” are: 
manager, developer and systems engineer. In step 3 indirect dependencies are being deducted. The deduction is 
realized by using algorithmic calculations. An example for an indirect dependency between two users: manager and 
engineer is “manager and engineer are involved in the same decision situation”. The two users are linked indirectly 
over the decision situation they are involved in. In step 4 system characteristics are identified by applying 
algorithmic graph theory. In this step analysis criteria and methods are used for information processing. As a last 
step, product design application makes use of the system analysis results to provide solutions for the stated problem. 
Within the attribute complexity management procedure the SCM procedure is mainly used for information 
acquisition and system visualization but also for attribute compatibility testing and decision support allocation. More 
details regarding the integration of the SCM procedure are presented in chapter 4. 
 
 
Fig. 1. User-centered DSS - meta-model 
4. Attribute complexity management procedure 
The attribute complexity management procedure exhibits two main functions. The first function represents the 
reduction and management of decision and user attribute complexity. For this purpose SCM methods and attribute 
structuring approaches are combined to achieve complexity reduction and control. The second function represents 
the structuring of the internal logical process of the user-centered DSS. The procedure serves therefore as a 
framework for designing the decision support allocation process.  
The user-centered DSS was developed as a demonstrator for the visualization and evaluation of how user needs, 
preferences, skills and knowledge can be integrated more effective within DSS. Compared to traditional DSS the 
user-centered DSS highlights a reduced functionality and does not offer users a specific solution. The user-centered 
DSS provides decision support tools and methods which can be applied by the user for problem solving. Users 
receive procedures and therefore systematic paths to the right solution.  
To enable an effective communication between users and the user-centered DSS a decision support wizard was 
developed. Wizards represent graphical user interfaces (GUI) which serve as e mediator between the user and the 
highly complex DSS.20 The decision support wizard is used as an interface and as an information acquisition and 
documentation tool. Information collected by the use of the wizard is: problem descriptions, user attributes, decision 
attributes, personal preferences and user comments.  
The attribute complexity management procedure was designed to enable the correct functionality of the user-
centered DSS. Some of the procedure steps need direct user or system input, other steps are automatically performed 
in the background of the user-centered DSS. These “hidden” steps represent computer-aided algorithmic 
calculations and logical connections which are not visible to the user. The design and functionality of the attribute 
complexity procedure is displayed in Figure 2. 
Users 
(U)
Decisions 
(D)
Decision Support 
(DS)
Users 
(U) U works together with U U makes D U uses DS
Decisions 
(D) - D triggers D -
Decision 
Support (DS) DS is compatible to U DS is compatible to D
DS can be used in 
combination with DS
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Fig. 2. Attribute complexity management procedure 
 “Goal definition” represents the first step of the developed procedure. Hereby the problem to be solved, the 
decision situation and the required solution are clarified and defined using a problem description input mask.  
After defining the goal the decision has to be described in detail and the decision attributes (DA) identified. This 
is realized by using the attribute-based decision description template described in chapter 4.2 A set of questions with 
attributes to choose from are presented to the user. The questions lead the users stepwise through the template.  
After filling out the decision description template the user has the possibility to mark the most important DA 
from his individual perspective. For every DA a corresponding decision support (DS) tool or method is assessed. 
Afterwards a multilevel process of identifying the most important DA and the corresponding DS is performed.  
To identify the most active and passive DA a pairwise influence analysis is realized. As a result most active 
(influent) DA and most passive (influenced by others) DA and their corresponding DS are identified. To identify the 
DS with the highest frequency of occurrence a DMM including interrelations between DA and DS is applied. The 
DS with highest frequency of occurrence are the ones who exhibit the highest number of interrelations with DA. 
Finally a list with DA and matching DS is generated (DA-DS list). 
The decision goal is defined and DA are selected and correlated to DS. Now user attributes (UA) have to be 
collected. For reducing the variety of UA an attribute pre-selection can be realized by using K.O. selection criteria. 
The K.O. criterion applied is: ”assessment of product development decision support”. All UA who fail the 
assessment to DS are no further taken into consideration and left out of the approach. The remaining UA are 
integrated within the DSS and embedded within a user-questionnaire with attribute selection possibilities. This 
process is similar to the one performed for collecting DA. UA are hereby collected directly from the user. After 
completing the acquisition process the user marks the most important UA from his perspective.  
Goal definition
DA elicitation
UA elicitationUA pre-selection
DS assessment to DA
Marking of  important DA
Frequency analysis DS for DA Influence analysis of DA
DS list generation for DA
DS assessment to UA
Marking of  important UA
Frequency analysis DS for UA Influence analysis of UA
DS list generation with DA and UA 
User choice of DS
Textual goal description
DA template
DMM: DA -DS
DA - DS list
UA  K.O criteria 
checklist
Influence matrix DA
UA template
DMM: UA - DS
DA - UA - DS list
DS selection list
Influence matrix UA
Attribute complexity management  procedure Documents
Legend: DS – Decision Support DA – Decision Attributes UA – User Attributes
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Next, DS has to be assessed to each UA. For this purpose the previous generated DA-DS-list is used. This list 
comprises the DS which match DA identified before. A DMM is used hereby again as a tool for visualizing and 
processing the interrelations between UA and DS. The compatibility check realized provides a binary answer for 
UA and DS of being compatible (correlation “x”) or not compatible (no correlation). Not every UA can be 
correlated to a decision DS. Therefore the DS and UA and DA complexity can be reduced. The multilevel approach 
of identifying the most important attributes is now performed again for UA.  
Finally a new list (DA-UA-DS list) is presented to the user for selection. The user must now choose the right DS 
to be applied within the decision situation. The list represents a collection of DS which match DA and UA equally. 
The most important attributes: marked DA and UA by the user, most active DA and UA and DA and UA with the 
highest occurrence frequency are displayed and highlighted within the final list. Also the corresponding DS to DA 
and UA is visualized. The list is completed by a short description of possible applications, requirements, boundary 
conditions and general remarks and advices regarding the strengths and weaknesses of the DS. The user has now 
enough input to choose the DS which fits his needs and problem solving purposes most. 
5. Discussion 
The attribute complexity management procedure was applied on 3 different examples from product development: 
the development of e new product package, the selection of product alternatives and the configuration of a product 
portfolio. For all 3 examples a set of compatible DA and UA could be identified and corresponding DS assessed. 
The identified DS represents assistance which is equally compatible to the decision situation itself and to the user 
(decision-maker) involved. A statement about the quality and the effectiveness of the DS is not made at this stage. 
The DS quality depends on the DSS effectiveness and on the user skills regarding the selection and application of 
the DS. The evaluation of DS degree of effectiveness represents future research to be performed. 
The stated objectives at the beginning of the paper could almost be completely fulfilled. The complexity of DA 
and UA could be gradually reduced by applying the attribute complexity management procedure. Methods and tools 
as DMM, influence matrices and pre-selection were applied for attribute complexity reduction. By using DMM, 
DSM and lists the pairwise correlation of DA and UA could be realized. Furthermore DS could be allocated by 
using DMM and compatibility tests. The efficiency of the procedure could be enhanced by using computer-aided 
algorithmic calculations for the correlation and allocation process. This contributes to a fast analysis process and 
high quality results. The assessment of UA could be substantially improved by following the procedure steps 
described and by using the analysis and correlation methods provided. By the use of the procedure a large variety of 
attributes can be easily handled. The last stated goal of increasing the DSS acceptance among users could not be yet 
completely fulfilled. An evaluation of the user-centered DSS with users from different domains with different 
perspectives has to be realized in the future. Nevertheless from the 30 interviews carried out with decision-makers 
from different engineering companies and the literature research performed the need and a basic acceptance for a 
more user-centered DSS which integrate user preferences, knowledge and experience could be identified.3 
6. Conclusions and future work 
The attribute complexity management procedure represents a multilevel stepwise approach developed for the use 
within a user-centered DSS. On a higher level the procedure is used as a framework for the design of the logical 
structure of the user-centered DSS and the comprised DS wizard.  
On analysis level the procedure serves as a guideline for user and decision attribute complexity reduction and 
control. Within the procedure compatibility tests of DA and UA with DS are realized. The procedure exhibits a set 
of methods, tools and approaches derived from SCM and traditional product development approaches. The SCM 
analysis procedure, MDM, DMM, DSM, influence analysis, portfolio analysis and K.O criteria checklists are used 
to narrow the analysis space and reduce attribute complexity.  
The procedure was developed to enable the design of the user-centered DSS but exhibits a generic character and 
therefore can be applied within many different analysis environments. The procedure steps can be easily adapted to 
the decision situation to be analyzed and the problems addressed. By the use of the procedure an effective reduction 
of DA and UA is possible and the assessment of DS can be systematically performed. 
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Future work concentrates on the finalization of the design of the user-centered DSS and the DSS wizard. As 
mentioned before the developed user-centered DSS serves as a demonstrator for an improved integration of user 
needs, preferences, knowledge, skills and also limitations into the analysis and management of decisions and 
therefore within the DSS.  
The procedure will be individually evaluated in two more decision situations from the early phases of the new 
product development (NPD) process. This includes the goal definition, the concept generation and the system design 
phase. Also the procedure will be evaluated as a part of the user-centered DSS in several decision applications from 
the field of NPD.  
Further future work has to be performed regarding the examination of DS quality. Hereby evaluation criteria have 
to be established. Also the results generated by the use of the procedure have to be compared with results from 
traditional DSS applications. Furthermore the interdependencies between single DA and single UA have to be 
investigated in more detail. This was partially realized for both attribute types by using a pairwise comparison 
within an influence matrix.  
Once the development of the user-centered DSS demonstrator and the DSS wizard is finalized a further step 
towards the integration of user characteristics and needs within decision analysis and therefore towards making DSS 
more user-friendly is realized. 
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